In normal subjects, receiving multiple dosing regimes with Slophyllin and Phyllocontin in doses calculated to give either 4 mg/kg or 6 mg/kg theophylline free acid twice daily, serum theophylline concentrations were frequently less than 8 mg/l. Accumulation of the serum theophylline trough concentration occurred during the first 3 days of multiple dosing, and was followed by subsequent stabilization or even decline in serum theophylline trough concentrations. Side effects were noted with both Slophyllin and Phyllocontin, but only on the higher dosage regimes; they occurred within 24-48 hr of starting the drug, and tended to diminish if dosing was continued. The accumulation effect of serum theophylline concentrations may explain the timing of adverse effects, and should be avoided by starting methylxanthine therapy at a low dose. This may be increased after a few days. Further dosage adjustment may be necessary in some patients and should be facilitated by measurement of serum theophylline trough concentrations.
Introduction
Theophylline has been used in the management of bronchial asthma since 1936 (Tuft and Brodsky, 1936) . At serum concentrations of 8-20 mg/l it is a safe and effective bronchodilator in adults (Jenne et al., 1972; Buelow, Larsson and Leideman, 1975) . However, it is necessary for conventional oral theophylline preparations to be given 4-hourly to maintain serum theophylline concentrations in the therapeutic range (Weinberger and Bronsky, 1974) , and sustained-release (SR) preparations, which reduce the need for such frequent dosing whilst Correspondence: Dr J. Prior, Chest Clinic, New Cross Hospital, Avonley Road, London, S.E.14. maintaining serum theophylline concentrations in the therapeutic range, would be an advantage. The aim of this study was to determine whether multiple dosing with 2 SR preparations Slophyllin (Rona Laboratories) and Phyllocontin continus (Napp Laboratories) in 2 different doses each given twice/ day, achieved serum theophylline concentrations in the 8-20 mg/l range throughout the day, including the morning serum theophylline trough concentration.
Materials and methods

Subjects
Ten healthy volunteers, 5 male and 5 female, participated in the study. The age range was 21-39 years, and average weight was 69.9 kg. One subject smoked a pipe consuming less than 2 oz of tobacco/ week and another smoked an average of 10 cigarettes/day. No subject had any evidence of cardiovascular, respiratory or liver disease. Informed consent was obtained from each subject.
Drug products
It was planned initially to study only Slophyllin; later the protocol was modified to include Phyllocontin. The study was therefore not randomized. Slophyllin is anhydrous theophylline adsorbed on to a granular material incorporating a lipophilic wax to form small pellets which are placed in a gelatin capsule. Phyllocontin is aminophylline combined in a mixture of hydroxyethyl cellulose and a higher aliphatic alcohol, compressed in the form of a tablet. 
Adverse effects
Each subject was informed of the possible adverse effects to be expected, and each was asked to record the nature and timing of any adverse effect.
Statistical analysis
Analysis of the differences in numbers of serum theophylline trough concentrations > 8 mg/l between the methylxanthine preparations was carried out using Fisher's Exact Test. Comparison of mean theophylline concentrations was carried out using an unpaired 't' test.
Results
All 10 subjects completed the Slophyllin low dose regime, and 8 completed the Slophyllin high dose regime. Seven subjects entered and finished the low dose Phyllocontin regime, but only 5 entered the high dose regime. The other 5 subjects experienced side effects whilst on high dose Slophyllin and it was considered unethical to enter them into the Phyllocontin high dose regime.
Theophylline concentrations during the day Figure 1 shows the mean values of serum theophylline concentrations during the 5-day period after dosing with each regime. There were no significant differences between the corresponding mean theophylline concentrations on the 2 low dose regimes or between the corresponding mean theophylline concentrations on the 2 high dose regimes (unpaired 't' test).
On the low dose regimes, serum theophylline trough concentrations were frequently subtherapeutic. Concentrations > 8 mg/l were attained on only 9 of 88 occasions in subjects on the low dose Slophyllin regime, and in 16 of 66 occasions on the low dose Phyllocontin regime. The differences between the preparations were not statistically 
Adverse effects
Adverse effects did not occur in subjects on the low dose regimes. However, all but one subject taking the high dose Slophyllin regime experienced adverse effects, particularly nausea, anorexia and insomnia. Two female subjects had to withdraw after 2 days' multiple dosing because of this toxicity (peak theophylline concentrations of 21-0 mg/l and 23-0 mg/l on day 2). Two subjects developed nausea on the high dose Phyllocontin regime and another developed symptoms of oesophageal reflux 30 min after ingestion of Phyllocontin, even though in this subject peak theophylline concentrations were consistently < 15 mg/I.
The adverse effects occurred during the first 24-48 hr and tended to diminish in subjects who continued taking the preparations.
Accumulation in serum theophylline concentrations
Accumulation of the serum theophylline trough concentrations during the first 3 days of multiple dosing, followed by subsequent stabilization or even decline of trough theophylline concentrations was seen in all but one subject on the Slophyllin regime and was most noticeable on the higher dosage regime. The accumulation effect was seen in 3 subjects on the Phyllocontin high dose regime. Figure 2 shows the accumulation effect in one male subject during multiple dosing with high dose Slophyllin regime.
Discussion
The bronchodilator effect of theophylline is related to its serum concentrations (Mitenko and Ogilvie, 1973) . Maximal bronchodilatation occurs with serum theophylline concentrations in the 8-20 mg/l range and serum concentrations of less than 8 mg/l are associated with suboptimal bronchodilatation (Buelow et al., 1975; Jenne et al., 1972) although recently it has been suggested that concentrations <8 mg/l may be effective in preventing nocturnal asthmatic symptoms (Fairfax et al., 1979) . However, if theophylline preparations are used to manage bronchial asthma throughout the day, the aim should be to keep the serum concentrations above 8 mg/l at least during waking hours.
SR theophylline preparations have several theoretical advantages over conventional oral preparations. Variation of serum theophylline concentrations during the day should be less with SR preparations than with conventional oral preparations (Weinberger, Hendeles and Bighley, 1978) . Dosing is less frequent and may improve compliance (Sheen and Sly, 1979) . However, the present study highlights an important problem with twice daily methylxanthine therapy; using doses similar to those recommended by the manufacturers, serum theophylline trough concentrations over the 5-day multiple dosing period, with both Phyllocontin and Slophyllin, were frequently sub-therapeutic. There was no important difference in this respect between the 2 preparations tested. Therefore, it is likely that, on dosage regimes similar to those used in this study, many asthmatic patients would be undertreated for periods in the day. This might be predicted from the wide intra-and inter-subject variability in theophylline metabolism (Jacobs, Senior and Kessler, 1976 ). These observations underline the limitations of using fixed dosages of methylxanthines in the therapy of airways obstruction, and bear particular relevance to the design of therapeutic trials of SR methylxanthine preparations in asthma.
The phenomenon of accumulation of serum theophylline concentration during the first 3 days, followed by subsequent stabilization or decline in trough concentrations has not been noted previously. Although the relatively long half-life of theophylline, noted previously in normals (Caldwell and Lawrie, 1979) Milledge and Hains, 1979) . However, the normal subjects were not expecting any benefit from the preparations, whereas asthmatic patients would expect some relief from symptoms. This may have influenced the reporting of such effects.
This study emphasizes the importance of 'individualizing' theophylline dosage and provides a rational basis for initiation of twice daily SR methylxanthine therapy. Treatment should be started at the low dosage regime. The accumulation effect in trough theophylline concentrations would be minimized and a possible cause of early treatment default avoided. The dosage should be increased after a few days to the bigher dosage regime. However, since serum theophylline concentrations may be sub-therapeutic in some patients, further dosage adjustment will be necessary. Measurement of the serum trough theophylline concentrations will facilitate final dosage adjustment and is essential if maximum benefit is to be obtained from twice daily SR methylxanthine preparations in the management of airways obstruction.
